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(54) Surface treatment method and system 

(57) A pulse voltage of duty ratio 5% or below and 
repetition frequency 400 KHz or above is supplied in 
order to suppress the notch, charge build-up damage, 
subtrench and bowing due to the electron shading phe- 
nomenon. Thus, a cycle for accelerating electrons (6) 
occurs in the substrate bias, so that the electron shading 
phenomenon does not occur. 
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BACKGROUND OP THE INVENTION 

This invention relates to the treatment for the surface s 
of a substance being treated by use of plasma, and par- 
ticularly to a method of supplying a bias voltage to a sub- 
stance of which the surface is to be treated. 

Fig. 2 shows the most typical conventional biasing 
method called the RF biasing. A substance 1 to be 10 
etched is connected through a capacitor 2 to a high-fre- 
quency power supply 3. A sine-wave voltage as shown 
in Fig. 3 is applied through the capacitor 2 to the sub- 
stance 1. At this time, since the amount of electrons 
which a plasma 4 supplies is dozens of times larger than is 
that of ions, negative charges are accumulated on the 
substance-side of the capacitor 2. Because of the capac- 
itor charges, a voltage shifted in the negative direction 
as shown in Fig. 4 appears on the substrate. The positive 
ions for etching are accelerated by this negative voltage 20 
and perpendicularly incident on the substrate, thus mak- 
ing it possible to etch the substrate in an anisotropic 
shape. 

Another idea is disclosed in JP-A-56-13480 (laid- 
open on February 9, 1981 ) and J P-A-6-6 11 82 (laid-open 25 
on March 4, 1994) in which a pulse-waveform voltage is 
used as a bias voltage. However, the importance of the 
duty ratio and repetition frequency of a pulse wave has 
never been considered so far except that the present 
invention regards them as important. 30 

SUMMARY OF THE INVENTION 

As seen from the substrate bias voltage wave shown 
in Fig. 4, its positive voltage is almost zero although it is 3S 
required to accelerate the electrons in the positive cycle 
in which the electrons impinge on the substance. There- 
fore, the electrons are little accelerated and impinge on 
the substrate. When fine pattern etching is made by this 
biasing method, local charge build-up occurs on the sub- 40 
stance. Fig. 5 shows the mechanism by which this 
charge build-up is caused. Since tons 5 are accelerated 
and perpendicularly impinge on the substance, they can 
reach the bottom of a fine pattern. Since electrons 6 are 
not accelerated and isotropically impinge on the sub- 45 
stance, they are blocked by a mask 7 so as not to reach 
the bottom of a fine pattern (electron shading phenom- 
enon). Therefore, the sides of the fine pattern are 
charged up to have negative charges, and the bottoms 
of the fine pattern are charged up to have positive so 
charges. 

The charge build-up due to this electron shading 
brings various troubles in the plasma etching. One of the 
most serious problems is local side etching (notching) 
which occurs in polycrystalline silicon etching (working) ss 
for gate. Fig. 6 shows the mechanism of this notching. 
The ions 5 of etching species are repelled from the pos- 
itive charges which are caused on the bottom of the fine 
pattern by the electron shading phenomenon, and they 



the side cause a local side etch 10 called notch in the 
interface between a polycrystalline silicon layer 8 and an 
underlying silicon dioxide film 9. 

The charge build-up due to the electron shading 
phenomenon also occurs in the metal wiring process, 
and damages the gate oxide film. Fig. 7 shows this dam- 
aging mechanism. The positive charges accumulated on 
the bottoms of the fine pattern by the electron shading 
are collected to a floating gate 1 2 which is connected to 
a metal wiring conductor 1 1 , and cause damages such 
as dielectric breakdown to a gate oxide 14 between the 
floating gate 12 and a substrate silicon 13. 

Moreover, the charge build-up due to the electron 
shading phenomenon causes troubles, or undesirable 
abnormal shapes such as subtrench or bowing in the 
etching process for minute holes such as trench and con- 
tact hole. Fig. 8 illustrates this generation mechanism. 
As in the polycrystalline silicon etching, negative charges 
are accumulated on the sides of a hole and positive 
charges on the bottom of the hole. This charge build-up 
deflects the ions 5 which serve as the etching species 
so that the ions 5 impinge on the sides and bottom cor- 
ners of the hole. Therefore, the sides and bottom corners 
of the hole are etched to produce undesirable abnormal 
shapes such as bowing 15 and subtrench 16. 

The present invention is to eliminate the electron 
shading phenomenon, thereby solving various problems 
such as notch, charge build-up damage, bowing and 
subtrench. 

According to one aspect of the invention, as shown 
in Fig. 1 , a pulse generator 17 for the bias supply is pro- 
vided in place of the conventional sine-wave high-fre- 
quency power supply. This pulse generator supplies a 
positive pulse voltage as the bias voltage to the sub- 
stance being treated. In this case, the duty ratio and rep- 
etition frequency of this pulse voltage are selected so 
that the maximum value of the potential of the substance 
of which the surface is being processed is higher than 
that of the above-mentioned plasma. The specific values 
of the duty ratio and repetition frequency are respectively 
5% or below and 400 KHz or above, preferably, 1% or 
above and 1 MHz or above. 

We now consider that the pulse source 17 in Fig. 1 
supplies a positive pulse voltage shown in Fig. 9. The 
instant that the discharge has begun, the capacitor has 
no charge stored, and the same bias wave as the input 
voltage as shown in Fig. 10 appears on the substance 
being treated. When the bias wave is as shown in Fig. 
10, the positive cycle in which a great amount of elec- 
trons impinges is much shorter than the negative cycle 
in which a small amount of ions impinges, so that the 
amount of the negative charges impinging in the positive 
cycle is equal to that of the positive charges impinging in 
the negative cycle. Therefore, the total charge in one 
cycle becomes zero, and as a result no charge is induced 
on the capacitor 2 in Fig. 1 . Accordingly, the substrate 
bias voltage shown in Fig. 10 is maintained during the 
etching process. Of the substrate bias voltage wave in 
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Fig. 1*0, the negative voltage in the negative cycle accel- 
erates ions to impinge the substrate, and the positive 
voltage in the positive cycle is supplied to the substrate, 
thus accelerating electrons to perpendicularly impinge 
on the substance. Therefore, the electrons 6 and ions 5 
can impinge up to the bottoms of the fine pattern as illus- 
trated in Fig. 11. In addition, since the total amount of 
positive and negative impinging charges in one cycle is 
zero, there is no charge build-up due to the electron 
shading phenomenon. 

The positive cycle time which is much shorter than 
the negative cycle time and one-cycle time were esti- 
mated by simulation. As the parameters for the simula- 
tion, the electron density, electron temperature and 
capacitance value were respectively selected to be 
1 0 1 1 /cm3, 3 eV, 30 pF/cm2 which are the standard values 
of the etching system using a high-density plasma. In 
addition, considering that chlorine gas is used as etching 
gas. the mass of the ion used in the simulation was 
selected to be 35.5 au. 

First, the substrate bias voltage wave was calculated 
under the conditions of the supplied pulse voltage 200 
V, repetition frequency 10 MHz and duty ratios 1% and 
10%. Figs. 12 and 13 show the results. Referring to these 
figures, when the duty ratio is as small as 1%, the pulse 
voltage is risen up much positive to accelerate electrons. 
In addition, self-bias is generated during the interval 
between the pulses. When the duty ratio of the pulse is 
as large as 10%, the pulse has almost no positive part, 
and thus cannot accelerate electrons. 

Fig. 1 4 shows the relation between the duty ratio and 
the magnitude of the positive part of this substrate bias 
voltage wave. This result can be divided into the following 
three regions. 

In the region A in which the duty ratio is 0.5% or 
below, the magnitude of the electron accelerating voltage 
appearing on the substrate surface when the pulse is 
supplied is constant without the effect of the repetition 
frequency Etching is made chiefly at a floating potential. 
The positive charge build-up caused by the electron 
shading at the floating potential is relieved by the inter- 
mittent positive pulse voltage. Therefore, the charge 
build-up eliminating effect can be increased with the 
increase of the repetition frequency of the pulse. 

In the region B in which the duty ratio is from 0.5% 
to 5%. the electron accelerating voltage is decreased 
with the increase of the duty ratio, but higher than the 
plasma potential. Particularly, when the duty ratio is 1% 
or below, the magnitude of the electron accelerating volt- 
age is 50% or above of the input pulse peak which is 
large enough to accelerate electrons. In addition, as 
described with reference to Fig. 12, if the substrate 
potential is shifted negative with respect to the input volt- 
age during the interval between the pulses, the self-bias 
is also generated. Therefore, it is possible both to make 
high-speed etching by the self-bias and to eliminate the 
charge build-up by the electron accelerating voltage. 

In the region C in which the duty ratio is 5% or above, 
the electron accelerating voltage does not appear on the 



substrate surface. Since the substrate potential is shifted 
too negative with respect to the input voltage, the sub- 
strate potential becomes smaller than the plasma poten- 
tial when the pulse voltage is supplied. Accordingly, the 

5 charge build-up cannot be eliminated by the decrease of 
the electron shading. 

Therefore, in order to suppress the electron shading 
by the application of the pulse bias, rt is necessary to 
select a duty ratio in the region A or B. If a duty ratio is 

io selected from the region A, a large negative bias is not 
generated on the substrate, and thus it is possible to 
make high-selectivity etching with a small effect of elec- 
tron shading phenomenon. When a duty ratio is selected 
from the region B. the electron shading can be sup- 

75 pressed by the electron accelerating voltage, and ions 
can be accelerated by the self-bias, so that anisotropic 
and high-speed etching can be performed. 

The same examination was made with respect to the 
repetition frequency of the pulse. Figs. 15, 16 and 17 

20 show the substrate bias waves under the conditions of 
duty ratio 1%, repetition frequencies 10 MHz, 1 MHz and 
1 00 KHz. Referring to these figures, the positive part of 
the pulse appears at repetition frequencies 10 MHz and 
1 MHz, but the positive part almost disappears at repe- 

25 tition frequency 100 KHz. Fig. 18 shows the relation 
between the repetition frequency and the height of the 
positive part of the pulse. The height of the positive part 
of the pulse is suddenly risen up at repetition frequency 
400 KHz or above. Particularly at repetition frequency 1 

30 MHz or above, the height of the positive part of the pulse 
is substantially saturated. Therefore, if the repetition fre- 
quency of the pulse is selected to be 400 KHz or above, 
preferably, 1 MHz or above, a bias voltage enough to 
accelerate electrons can be supplied to the substance 

3$ being processed. 

The process on a fine pattern was made by using 
this bias voltage, and the charge build-up was measured. 
The magnitude of the charge build-up to be measured 
was defined as the potential difference between the bot- 

40 torn of a fine pattern of 0.3 \i m level and the bottom of 
a wide pattern of 10 p. m or above. Fig. 40 shows the 
relation between the magnitude of the charge build-up 
and the duty ratio. From Fig. 40, it will be seen that the 
magnitude of the charge build-up is decreased with the 

45 increase of the positive part of the pulse illustrated in Fig. 
14 and suddenly decreased at duty ratio 5% or below. 
Particularly when the duty ratio is in the range from 0.5% 
to 5%, the charge build-up value is zero. 

The same examination was made with respect to the 

so repetition frequency. Fig. 41 shows the relation between 
the magnitude of the charge build-up and the repetition 
frequency. From Fig. 41, it will be understood that the 
magnitude of the charge build-up is decreased with the 
increase of the positive part of the pulse illustrated in Fig. 

55 18 and suddenly decreased at repetition frequency 400 
KHz or above. Particularly when the repetition frequency 
is 1 MHz or above, the charge build-up value is zero. 

Another important parameter of the pulse is the 
through rate. When the through rate of the pulse is slow, 
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s * tial, the plectron current flowing from the plasma causes 
a voltage drop to be developed across the capacitor that 
is provided between the substance and the pulse source 
in Fig. 1 , so that no positive potential appears on the sub- 
strate. Therefore, in order to generate an electron accel- 
erating voltage on the substrate, it is necessary that the 
through rate of the pulse be higher than the speed of the 
voltage drop due to the electron current. If the electron 
temperature T e , electron density n e and capacitance 
value are 3 eV t 10 11 /cm3 and 30 pF/cm*. respectively, 
the voltage drop speed due to the electron current is cal- 
culated to be about lOW/fis. Therefore, it can be consid- 
ered that a through rate of at least KPV/ns is necessary 
to generate an electron accelerating voltage on the sub- 
strate. Actually a pulse having pulse width of 1 us. mag- 
nitude of 100 V and repetition frequency of 1 KHz was 
supplied and the relation between the through rate of the 
pulse and the electron accelerating voltage was meas- 
ured. Fig. 42 shows the result. From this figure, it will be 
seen that the electron accelerating voltage begins to 
generate at a through rate of lOW/fis or above and 
reaches the maximum at a through rate of 5 X 103V/jas 
or above. 

From the above description, it will be understood that 
in order to eliminate the charge build-up due to the elec- 
tron shading phenomenon and solve the resulting prob- 
lems, the pulse bias voltage to be supplied is required to 
have a duty ratio of 5% or below and a repetition fre- 
quency of 400 KHz or above, preferably a duty ratio of 
1% or above and a repetition frequency of 1 MHz or 
above. 

Strictly speaking, these thresholds of duty ratio and 
repetition frequency are specific for the simulation con- 
ditions, and slightly changed depending on the etching 
conditions and etching system. The threshold of duty 
ratio is in inverse proportion to the mass of the ion. The 
threshold of repetition frequency is proportional to the 
square root of electron temperature and electron density, 
but in inverse proportion to the electrostatic capacitance 
of the capacitor. However, in the general high density 
plasma etching, the electron density, electron tempera- 
ture and electrostatic capacitance of capacitor are the 
same values as set in the simulation, and the thresholds 
of duty ratio and repetition frequency are also substan- 
tially the same values as set in the simulation. 

A description will now be made of the action and 
effects of the embodiments of the invention on the prob- 
lems caused by the electron shading phenomenon. 

Fig. 19 shows the mechanism of solving the notch- 
generation problem in the polycrystalline silicon etching 
(working) for gate by the present invention. According to 

> this invention, since the electrons 6 anisotropically 
impinge on the pattern, it is possible to eliminate the 

^ charge build-up on the bottom and sides ol a fine pattern. 

... Therefore, the ions 5 as the etching species are not 
repelled from the pattern bottom, and thus can produce 

|: anisotropic shapes without notch. 



charge build-up damage problem in the metal wiring 
process. Since the positive charge build-up on the fine 
pattern bottom is avoided, the positive charges are not 

5 collected on the floating gate 1 2, and thus the gate oxide 
film 14 between the floating gate 12 and the substrate 
13 is not damaged. 

Fig. 21 shows the mechanism of suppressing the 
bowing and subtrench in the minute hole working for 

io trench and contact hole. Since the charge build-up is not 
caused by the electron shading, the ions 5 anisotropi- 
cally impinge on the substrate, and thus can produces 
anisotropic shapes with no subtrench and bowing. 

is BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a construction diagram of the surface treat- 
ment system for use in supplying a pulse bias, according 
to the present invention. 
20 Fig. 2 is a construction diagram of the conventional 
etching system for use in supplying an RF bias. 

Fig. 3 is a diagram of the supplied bias voltage wave 
appearing when the RF bias is supplied as in the prior 
art. 

25 Fig. 4 is a diagram of the substrate bias wave 
appearing when the RF bias is supplied as in the prior 
art. 

Fig. 5 shows the mechanism of generating the local 
charge build-up (electron shading phenomenon). 
30 Fig. 6 shows the mechanism of generating the local 
side etching (notch) in the polycrystalline silicon working 
for gate. 

Fig. 7 shows the mechanism of generating a dam- 
age to the gate oxide film in the metal wiring process. 

35 Fig. 8 shows the mechanism of generating the bow- 
ing and subtrench in the fine trench working. 

Fig. 9 is a diagram of the bias input voltage wave 
appearing when the pulse bias according to this inven- 
tion is supplied. 

40 Fig. 10 is a diagram of the substrate bias wave 
appearing when the pulse bias according to this inven- 
tion is supplied. 

Fig. 1 1 shows the mechanism of decreasing the 
local charge build-up according to this invention. 

45 Fig. 12 is a graph showing the substrate bias wave 
appearing when the input pulse of duty ratio 1% is sup- 
plied. 

Fig. 13 is a graph showing the substrate bias wave 
appearing when the input pulse of duty ratio 1 0% is sup- 
so plied. 

Fig. 14 is a graph showing the relation between the 
duty ratio of the input pulse and the magnitude of the 
positive voltage of the substrate bias. 

Fig. 15 is a graph showing the substrate bias wave 
55 appearing when the input pulse of repetition frequency 
10 MHz is supplied. 

Fig. 16 is a graph showing the substrate bias wave 
appearing when the input pulse of repetition frequency 
1 MHz is supplied. 
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Fig. 17 is a*graph showing the substrate bias wave 
appearing when the input pulse of repetition frequency 
100 KHz is supplied. 

Fig. 18 is a graph showing the relation between the 
repetition frequency of the input pulse and the magnitude s 
of the positive voltage of the substrate bias. 

Fig. 19 shows the mechanism of reducing the notch 
according to this invention. 

Fig. 20 shows the mechanism of reducing the dam- 
age to the gate oxide film according to this invention. 10 

Fig. 21 shows the mechanism of reducing the sub- 
trench and bowing according to this invention. 

Fig. 22 is a construction diagram of the micro-wave 
etching system to which this invention is applied. 

Fig. 23 is a graph showing the relation among the is 
duty ratio and repetition frequency of the pulse and the 
through rate of the pulse source. 

Fig. 24 is a graph showing one example of the pulse 
voltage wave generated from the pulse source. 

Fig. 25 is a graph showing the relation between the 20 
duty ratio of the pulse and the notch size. 

Fig. 26 is a graph showing the relation between the 
repetition frequency of the pulse and the notch size. 

Fig. 27 shows the shape of poly (polycrystalline) sil- 
icon for gate worked according to this invention. 25 

Fig. 28 shows the shape of polycrystalline silicon for 
gate worked according to the conventional method. 

Fig. 29 is a graph showing the relation between the 
duty ratio of the pulse and the dielectric breakdown rate 
of the gate oxide film. 

Fig. 30 is a graph showing the relation between the 
repetition frequency of the pulse and the dielectric break- 
down rate of the gate oxide film. 

Fig. 31 is a timing chart showing the change of the 
duty ratio of the pulse during etching. 

Fig. 32 is a timing chart showing the change of the 
repetition frequency of the pulse during etching. 

Fig. 33 is a construction diagram of the micro-wave 
etching system capable of switching between the pulse 
bias and the RF bias. 

Fig. 34 is a timing chart showing the switching 
between the pulse bias and the RF bias. 

Fig. 35 shows the shape of the trench produced 
according to this invention. 

Fig. 36 shows the shape of the trench produced 
according to the conventional method. 

Fig. 37 is a waveform diagram of an example of the 
input pulse voltage according to this invention. 

Fig. 38 is a waveform diagram of an example of the 
input pulse voltage according to this invention. 

Fig. 39 is a graph showing the relation between the 
repetition frequency of the pulse and the notch size in 
the etching system of the embodiment 9. 

Fig. 40 is a graph showing the relation between the 
duty ratio of the pulse and the charge build-up magni- 
tude. 

Fig. 41 is a graph showing the relation between the 
repetition frequency of the pulse and the charge build- 
up magnitude. 



Fig. 42 is a graph showing the relation between the 
through rate of the pulse and the magnitude of the elec- 
tron accelerating voltage. 

Fig. 43 is a construction diagram of the micro-wave 
etching system of the invention which is characterized in 
that the positive voltage is supplied from the power sup- 
ply for electrostatic chucks. 

Fig. 44 is a graph showing the relation between the 
through rate of the pulse and the magnitude of the elec- 
tron accelerating voltage. 

Fig. 45 is a flow diagram of the processes for 
WSi/Polycrystalline-Si gate. 

Fig. 46 shows the mechanism of generating the 
notching in SG pattern. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(Embodiment 1) 

Fig. 22 shows a micro-wave etching system for 
processing polycrystalline silicon for gate in which the 
pulse bias of the invention is used. In this system, a 
microwave generated from a magnetron 1 8 is introduced 
through a waveguide 19 into a discharge tube 20, and a 
high density plasma can be generated therein by the 
electron cyclotron resonance (ECR) between the intro- 
duced microwave and the magnetic field produced by a 
coil 21 . In this system, the potential of this plasma is pre- 
vented from being much changed when the pulse is sup- 
plied, by grounding the plasma by an earthed electrode 

22 of which the superficial area is four times or above as 
large as that of the substance 1 being treated. The sub- 
stance 1 being etched is formed of a Si wafer of 6-inch 
size of which the surface was thermally oxidized, a poly- 
crystalline silicon film deposited on the surface and a 
resist mask formed on the poly (polycrystalline) silicon 
film. This substance 1 is connected through an insulator 

23 for electrostatic chucks which has an electrostatic 
capacitance of 30 pF/cm 2 to a constant voltage source 

24 for electrostatic chucks and the pulse voltage source 
1 7. In this invention, the pulse voltage source is required 
to have a high rising-up speed in order to generate a 
pulse voltage of a high frequency, low duty ratio and sev- 
eral hundred-V level. This rising-up speed is normally 
expressed by a value called through rate. The through 
rate is obtained by dividing the risen-up voltage by the 
rising-up time when the step voltage is generated, and it 
is peculiar to the pulse voltage generator. Fig. 23 shows 
minimum through rate of the pulse generator which can 
provide the given duty ratio and the given repetition fre- 
quency of the pulse voltage. In order to generate a pulse 
voltage of repetition frequency 400 KHz or above, duty 
ratio of 5% or below and several hundred-V level, it is 
necessary to use a pulse voltage source having a 
through rate of 8 X 1 0 2 V/^i sec or above. In order to gen- 
erate a pulse voltage of repetition frequency 1 MHz or 
above and duty ratio of 1% or below, the through rate of 
the pulse voltage generator is necessary to be 10 4 V/ji 
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u ic (juisc wmiui uttii ut? yenermeu oy me commercially 
available wide-band arbitrary-wave generator are 100 
MHz or below and 0.1% or above, respectively. Thus, the 
pulse voltage source 1 7 in this embodiment is formed of 
this wide-band arbitrary-wave generator, 25 and a high- 
speed wide-band power amplifier 26 of through rate 1 0 5 
V/ji sec. The signal from the wide-band arbitrary-wave 
generator 25 is amplified by the high-speed wide-band 
power amplifier 26 to produce a pulse of repetition fre- 
quency 10 MHz, duty ratio 1% and several hundred-V 
level. Fig. 24 shows one example of the pulse waves 
which can be generated by this power supply. When a 
high-frequency pulse is generated, the pulse waveform 
is not always rectangular as shown in Fig. 24. In addition, 
the pulse is not linearly risen up. Therefore, the pulse 
width, the throughrate and the duty ratio that is the func- 
tion of the pulse width cannot be defined precisely. In this 
patent specification, the half-width of the full maximum 
of the pulse is defined as the pulse width, and the pulse 
width divided by the repetition frequency is defined as 
the duty ratio. Also, the through rate of the pulse is 
defined at the maximum gradient of the rising-up portion 
of the pulse. 

The electron density and electron temperature were 
measured by the triple probe method in order to examine 
the state of the generated plasma in this system. The 
measured electron density and electron temperature 
were respectively 1 0 1 1 /cm* and 3 eV which are the same 
as the conditions of the above-mentioned simulation. 

The polycrystalline silicon fine pattern formed on the 
silicon dioxide film was etched by using chlorine plasma 
in this system. At this time, if the height of the pulse is 
too small, the voltage for accelerating electrons is 
reduced so that the electrons cannot be forced to aniso- 
tropically impinge on the fine pattern. Therefore, the 
pulse height is necessary to be at least 20 V. However, 
if the pulse voltage is too large, the energy for accelerat- 
ing the ions is increased to deteriorate the selectivity of 
the polycrystalline silicon relative to the silicon dioxide 
film. Therefore, the pulse height is desired to be 2 KV or 
below. In this embodiment, the pulse voltage was fixed 
to 100 V, and first the notch size was examined with the 
repetition frequency set to 1 0 MHz and with the duty ratio 
changed. Fig. 25 shows the results. From the figure, it 
will be seen that the notch size becomes the minimum 
when the duty ratio is in the range from 0.5% to 5%. Par- 
ticularly in the pattern which is not conductive to the sil- 
icon substrate (hereinafter, called FG pattern), the notch 
size is zero when the duty ratio is in this range. In the 
pattern which is conductive to the substrate (hereinafter, 
called SG pattern), the notching does not completely dis- 
appear. We found that the incomplete disappearance of 
the notching in the SG pattern is ascribed to the negative 
DC voltage supplied from the voltage source 24 for elec- 
trostatic chucks. Fig. 46 shows the mechanism of gen- 
erating this difference. When a negative voltage of, for 
example, -500 V is supplied as a voltage for electrostatic 
chucks, there appears on the rear substrate 13 a poten- 



uie unaenying cuoxiaeTiim i nereiore, since tne poten- 
tial on the SG pattern which is conductive to the substrate 
is about 20 V lower than thai on the surrounding dioxide 

5 film, the positive ions 5 are deflected to the SG pattern 
side to be easy to obliquely impinge. The obliquely 
impinging ions promote the generation of the notching. 
Thus, when a voltage of + 500 V or above is supplied 
from the voltage source by changing the polarity of the 
io voltage source for electrostatic chucks as shown in Fig. 
43. the SG pattern is held at a potential which is 20 V 
higher than that on the surrounding dioxide film 9. 
Accordingly, it is hard for the positive ions to obliquely 
impinge on the SG pattern. The same measurement as 

75 in Fig. 25 was made by use of this system. In this case, 
when the duty ratio was in the range from 0.5% to 5%, 
the notching completely disappeared not only from the 
FG pattern but also from the SG pattern. 

Then, the change of the notch size on the FG pattern 

20 was examined with the duty ratio set to 1% and with the 
repetition frequency changed. Fig. 26 shows the result. 
From Fig. 26, it will be seen that the notch size is 
decreased with the increase of the repetition frequency. 
Particularly, when the repetition frequency is 400 KHz or 

25 above, the notch size is remarkably reduced, or effect on 
the notch reduction is large. 

In addition, the through rate of the pulse was exam- 
ined. The change of the notch size on the FG pattern 
with respect the through rate of the pulse was measured 

30 with the pulse voltage selected to be 1 00 V, pulse width 
set to 100 ns and repetition frequency fixed to 10 KHz. 
Fig. 44 shows the result. From Fig. 44, it will be under- 
stood that the notch size starts decreasing at a through 
rate of 10 3 V/fis and becomes the minimum at 5 X 

35 l03V7ns or above. 

The fine patterns of polycrystalline silicon were 
etched by supplying a pulse voltage of repetition fre- 
quency 10 MHz, duty ratio 1% and height 100 V in the 
system of this embodiment. Fig. 27 shows the shape of 

40 the processed polycrystalline silicon. For reference, the 
shape of the polycrystalline silicon etched by RF bias is 
shown in Fig. 28. When the RF bias was used the notch 
appeared, but when the pulse bias was used the notch 
disappeared with the result that the etched shape 

45 became anisotropic. 

The effect of this embodiment can be achieved not 
only by the microwave etching system, but also by 
plasma etching systems using other discharge systems 
such as an inductively couled plasma etching system 

so and a Helicon plasma etching system. 

(Embodiment 2) 

Trie metal wiring process was carried out by the sys- 
55 tern of the embodiment 1. 

First, the change of the dielectric breakdown rate of 
the gate oxide film with respect to the duty ratio was 
examined with the repetition frequency set to 10 MHz. 
Fig. 29 shows the result. From Fig. 29, it will be seen that 
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the rate of the dielectric breakdown is decreased with a 
decrease of the duty ratio of the pulse. Particularly when 
the duty ratio is 5% or below, the rate of the dielectric 
breakdown is suddenly decreased, thus the effect of 
reducing the charge build-up damage being increased in 
the metal wiring etching process. Then, the change of 
the dielectric breakdown rate of the gate oxide film with 
respect to the repetition frequency at the duty ratio of 1% 
was examined. Fig. 30 shows the result. As seen from 
Fig. 30, the dielectric breakdown rate is decreased with 
the increase of the repetition frequency. Particularly 
when the repetition frequency is 400 KHz or above, the 
dielectric breakdown rate is remarkably reduced, and 
thus the effect of reducing the charge build-up damage 
is large. 

The charge build-up and notch phenomena due to 
the electron shading are caused during over-etching 
after the residual film thickness of the etched film 
becomes zero, or after just etching. Therefore, there is 
no need to supply the pulse bias of this system for all the 
time from the beginning to the end of etching. That is, 
the pulse bias of this system has to be supplied only dur- 
ing the over-etching after just etching, and in this case 
the charge build-up and notch can be reduced. Thus, 
methods of switching bias voltages before and after the 
just etching are proposed in the following embodiments 
3, 4 and 5. 

(Embodiment 3) 

The polycrystalline silicon tor gate was processed 
by using the system of embodiment 1. In this embodi- 
ment 3, the repetition frequency of the pulse was set to 
10 MHz, and the duty ratio of the pulse was changed 
from 50% to 1% during the interval from the start of the 
etching to when the residual polycrystalline silicon film 
thickness becomes zero, or to the just etching time as 
shown in the timing chart of Fig. 31 . In addition, during 
the over etching after the just etching, the duty ratio of 
the pulse was fixed to 1%. In this case, too, the proc- 
essed polycrystalline silicon shapes were anisotropic 
without notch as in Fig. 27. 

Although in this embodiment the duty ratio of the 
pulse was fixed to 1% after the just etching, the same 
effect was achieved even when the duty ratio of the pulse 
was fixed to 1% before the just etching. 

In addition, the method of this embodiment is effec- 
tive not only when the notch is reduced in the polycrys- 
talline silicon processing for gate, but also when the 
charge build-up damage is reduced in the metal wiring 
etching. 

(Embodiment 4) 

The polycrystalline silicon for gate was processed 
by use of the system of embodiment 1. In this embodi- 
ment 4, the duty ratio of the pulse was fixed to 1%, and 
the repetition frequency of the pulse was changed from 
10 KHz to 10 MHz during the interval from the start of 



the etching to the just etching time as shown in the timing 
chart of Fig. 32. In addition, during the over etching after 
the just etching, the repetition frequency was fixed to 1 0 
MHz. In this case, too, the processed polycrystalline sil- 

5 icon shapes were anisotropic without notch as in Fig. 27. 
Although in this embodiment the repetition fre- 
quency of the pulse was fixed to 10 MHz after the just 
etching, the same effect was achieved even when the 
repetition frequency of the pulse was fixed to 10 MHz 

10 before the just etching. 

In addition, the method of this embodiment is effec- 
tive not only when the notch is reduced in the polycrys- 
talline silicon processing for gate, but also when the 
charge build-up damage is reduced in the metal wiring 

is etching. 

(Embodiment 5) 

The polycrystalline silicon for gate was etched by 
20 use of the plasma etching system which, as shown in 
Fig. 33, can supply any one of a pulse voltage and a sine- 
wave voltage as a bias. In this embodiment 5, as shown 
in the timing chart of Fig. 34, a sine-wave voltage of 10 
MHz was supplied until the just etching was reached, and 
25 during the over etching the pulse voltage was switched 
to a pulse voltage of duty ratio 1% and repetition fre- 
quency 10 MHz. In this case, too, the processed poly- 
crystalline silicon shapes were anisotropic without notch 
as in the embodiment 1 . 
30 Although in this embodiment the bias voltage was 
switched from the sine-wave to the pulse at the just etch- 
ing time, this bias switching may be made before the just 
etching, and in this case the same effect can be 
achieved. 

35 In addition, the method of this embodiment is effec- 
tive not only when the notch is reduced in the polycrys- 
talline silicon processing for gate, but also when the 
charge build-up damage is reduced in the metal wiring 
etching. 

40 

(Embodiment 6) 

The pulse voltage of repetition frequency 10 MHz 
and duty ratio of 1% was supplied for trench etching by 

45 use of the system of embodiment 1 . Fig. 35 shows the 
cross section of the produced trench. For reference, the 
cross section of the trench produced by normal RF bias 
etching is shown in Fig. 36. The bowing 1 5 and subtrench 
16 which appeared when the RF bias was used disap- 

so peared when the pulse bias of the invention was sup- 
plied, and thus the cross section had an anisotropic 
shape with the bottom corners rounded. Also, the pattern 
size dependency of the etching speed called microload- 
ing disappeared. 

55 While in this embodiment the trench working was 
described, the same effect can be achieved in the proc- 
esses for producing holes such as contact holes and for 
producing minute trenches such as U -trench for isola- 
tion. 



The pulse wave*voltage of this system can be con- 
sidered to have the effect of reducing the notch and 
charge build-up even H a noise wave voltage or the like 
is superimposed on the pulse voltage provided that this 
noise voltage is negligible as compared with the pulse 
voltage. 

Thus, in this embodiment, a composite wave voltage 
formed of a pulse voltage and a sine wave as shown in 
Fig. 37 was generated from the pulse generator in Fig. 
22 and supplied as a bias to etch the polycrystalline sil- 
icon for gate. In this case, too, the notch reduction effect 
can be achieved as in the embodiment 1 . 

While in this embodiment a sine-wave voltage of 
which the cycle is twice as long as that of the pulse was 
superimposed on the pulse voltage, the same effect as 
in this embodiment can be achieved irrespective of the 
cycle and amplitude of the sine-wave voltage to be 
superimposed on the pulse voltage. 

In addition, the method of this embodiment is effec- 
tive not only for reducing the notch in the working of poly- 
crystalline silicon for gate, but also for reducing the 
charge build-up damage in the metal wiring etching and 
the bowing and subtrench in the process for minute holes 
such as trench. 

(Embodiment 8) 

In the system of embodiment 1 , a composite wave 
voltage formed of a pulse voltage and a positive DC volt- 
age as shown in Fig. 38 was generated from the pulse 
generator and supplied as a bias to etch the polycrystal- 
line silicon for gate. In this case, too, the notch reducing 
effect was achieved as in the embodiment 1 . While in this 
embodiment a positive DC voltage was superimposed 
on the pulse voltage, the same effect as in this embodi- 
ment can be achieved irrespective of the magnitude and 
polarity of the DC voltage superimposed on the pulse 
voltage. 

In addition, the method of this embodiment is effec- 
tive not only for reducing the notch in the working of poly- 
crystalline silicon for gate, but also for reducing the 
charge build-up damage in the metal wiring etching and 
the bowing and subtrench in the process for minute holes 
such as trench. 

(Embodiment 9) 

A ferroelectric material of Pb (Zr, Ti) 0 3 was used to 
make the insulator 23 for electrostatic chucks in the sys- 
tem of embodiment 1. As a result, the electrostatic 
capacitance of the insulator 23 was increased to 3 
nF/cm2 or above. The repetition frequency of the pulse 
necessary for eliminating the charge build-up due to the 
electron shading phenomenon was able to be reduced 
by two digits by this improvement. Thus, since the 
through rate of the pulse voltage source can be reduced 



decreased. 

The polycrystalline silicon for gate was processed 
by the improved system. The change of the notch size 
s with respect to the repetition frequency was examined 
with the pulse voltage set to 1 00 V and with the duty ratio 
of the pulse fixed to 1%. Fig. 39 shows the result. From 
Fig. 39, it will be seen that the notch size starts to be 
suddenly reduced at repetition frequency 4 KHz or above 
10 and reaches almost zero at repetition frequency 1 0 KHz 
or above. In addition, when a pulse voltage of repetition 
frequency 100 KHz was supplied to etch, the shape of 
the etched polycrystalline silicon was as anisotropic as 
that shown in Fig. 27. 
75 While in this embodiment Pb (Zr, TO O3 was used 
for making the insulator for electrostatic chucks, other 
ferroelectrics may be used and in this case, similar effect 
can be achieved. For example, when (Pb, Ba) Nb^ was 
used, the threshold frequency can be reduced to 1/200 
20 that in the embodiment 1. In addition, the threshold fre- 
quency can be reduced to 1/50 by (Sr, Ba) Nb^, to 
1 /300 by BaTi0 3 . to 1/1 0 by PbTi0 3f to 1/30 by Bi 4 Ti 3 0 12 , 
and to 1/2000 by a solid solution of Pb (Mg t Nb) O3- 
PbTi0 3 . 

(Embodiment 10) 

Fig. 45 is a flow diagram of processes for WSi/Pdy- 
crystalline-Si gate. Referring to Fig. 45, first, n+Polycrys- 
talline-Si, WSi, and Si0 2 are sequentially deposited on 
a silicon dioxide film by CVD. Then, a photoresist is 
coated over the substrate, and patterning is made by 
lithography to form a resist pattern. This resist pattern is 
used as a mask, and the Si0 2 layer is anisotropically dry- 
etched through the mask by CF4/O2 mixture gas plasma. 
Then, both the WSi layer and Polycrystalline-Si layer are 
anisotropically dry-etched by Cl 2 gas plasma. Then, the 
resist pattern is removed by downf low ashing. Then, the 
remaining SiO^/WSi/Polycrystalline-Si is used as a 
mask, and phosphorus is lightly doped through the mask 
so that an n-light doped drain layer is formed in the Si 
substrate. Thereafter, Silicon dioxide Si0 2 is deposited 
by CVD. and it is etched back to form a spacer on the 
outer periphery of the gate. This spacer is used as a 
mask, and phosphorus is heavily doped through the 
mask to form an n+drffusion layer. The pulse bias of this 
embodiment was used in the WSi/Polycrystalline-Si film 
etching process of the production processes shown in 
Fig. 45. A description will be made of a bias application 
method in the WSi/Polycrystalline-Si etching process. 
Since a high bias voltage was necessary for the WSi 
layer etching after the start of discharge, the RF bias was 
supplied which is able to make a high bias with ease. In 
the following Polycrystalline-Si layer etching, since high 
selectivity and little notching were required, the bias volt- 
age was switched from RF bias to pulse bias at the start 
of the Polycrystalline-Si layer etching. The gate pro- 
duced as above has higher-precision dimensions and 
thus less dispersion in its effective channel length than 
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that produced by the convention method. In addition, the 
gate can be produced to have stable characteristics 
since the gate oxide film is little damaged by the charge 
build-up and since the V, shift is also small. 

As described above, the charge build-up due to the 5 
electron shading phenomenon can be reduced, and as 
a result the notch, charge build-up damage, bowing and 
subtrench due to the electron shading can be sup- 
pressed from generation. Also, the microloading can be 
effectively reduced. 1( 

Claims 

1 . A surface treatment method for supplying a plasma 

(4) to a substance (1) which is placed in a pressure- 15 
reduced chamber and to be processed, and supply- 
ing a bias voltage to said substance to treat said sub- 
stance (1), characterised in that a positive pulse- 
wave voltage is supplied as said bias voltage, and 
that the duty ratio and repetition frequency of said 20 
pulse are set so that the maximum value of the 
potential of said substance during said treatment is 
larger than the potential of said plasma (4). 

2. A dry-etching method for supplying a plasma (4) to 2s 
a substance (1) which is placed in a pressure- 
reduced chamber and to be processed, and supply- 
ing a bias voltage to said substance (1) to etch said 
substance (1 ). characterised in that a positive pulse- 
wave voltage of repetition frequency 400 KHz or 30 
above and duty ratio 5% or below is supplied as said 
bias voltage. 

3. A dry-etching method for supplying a plasma (4) to 

a substance (1) which is placed in a pressure- 35 
reduced chamber and to be processed, and supply- 
ing a bias voltage to said substance (1) to etch said 
substance (1 ). characterised in that a positive pulse- 
wave voltage of repetition frequency 1 MHz or above 
and duty ratio 1% or below is supplied as said bias 40 
voltage. 

4. The method according to claim 1, characterised in 
that the through rate of said pulse is lOW/ps or 
above. 45 

5. The method according to claim 2, characterised in 
that the duty ratio and repetition frequency of said 
pulse are 0.5% or above and 100 MHz or below, 
respectively. 50 

6. The method according to claim 2, characterised in 
that the magnitude of said pulse voltage is in the 
rage between 20 V and 2 kV both inclusive. 

55 

7. A dry-etching method for supplying a plasma (4) to 
a substance (1) which is placed in a pressure- 
reduced chamber and to be processed, and supply- 
ing a bias voltage to said substance (1) to etch said 



substance (1), characterised in that the waveform of 
said bias voltage is switched from a sine wave to a 
pulse wave during etching. 

8. The method according to claim 2 or 3, characterised 
in that a voltage formed of a sine wave superim- 
posed on said positive pulse wave is supplied as 
said bias voltage. 

9. The method according to claim 2 or 3, characterised 
in that a voltage formed of a positive or negative DC 
voltage superimposed on said positive pulse wave 
is supplied as said bias voltage. 

10. A dry-etching method for supplying a plasma (4) to 
a substance (1) which is placed in a pressure- 
reduced chamber and to be processed, and supply- 
ing a bias voltage to said substance (1) to etch said 
substance (1), characterised in that a pulse-wave 
voltage is supplied as said bias voltage, and that the 
duty ratio and/or the repetition frequency of said 
pulse wave voltage is changed during etching so that 
said substance (1) can be etched substantially ani- 
sotropically. 

11. A dry-etching method for holding a substance (1) 
being treated on a table within a pressure-reduced 
chamber (20) by use of an electrostatic chuck mech- 
anism (23, 24) having an insulator (23) of which the 
electrostatic capacitance per unit area is 3 nF/cm 2 
or above, and supplying a plasma (4) and a bias volt- 
age to said substance (1 ) to etch said substance (1 ) , 
characterised in that a positive pulse-wave voltage 
of repetition frequency 4 KHz or above and duty ratio 
5% or below is supplied as said bias voltage. 

12. The method according to claim 1 1 , characterised in 
that the repetition frequency and duty ratio of said 
positive pulse-wave voltage are 10 KHz or above 
and 1% or below, respectively. 

13. A dry-etching method for holding by electric absorp- 
tion power a substance (1 ) which is placed on a table 
in a pressure-reduced chamber (29) and to be 
treated, supplying a plasma (4) and a bias voltage 
to said substance (1) to etch said substance (11), 
characterised in that a pulse-wave voltage is sup- 
plied as said bias voltage and that a positive voltage 
is supplied to said table to generate said electric 
absorption power. 

14. The method according to claim 13, characterised in 
that said positive voltage is + 500 V or above. 

1 5. A surface treatment system comprising means (1 8, 
19, 20, 21) for supplying a plasma (4) to a substance 
(1) which is placed in a pressure-reduced chamber 
(20) and to be treated, and means (1 7) for supplying 
a bias voltage to said substance (1) to be treated, 
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sa\q Dias voltage includes a power ampimer {2fc>; or 
whicrf the through rate is 8 x 10 2 V/n sec or above or 
a pulse voltage generator (25) of which the through 
rate is 8 x 1 02 V/ji sec or above. 5 

16. A surface treatment system comprising means (18, 
1 9, 20, 2 1 ) for supplying a plasma (4) to a substance 
(1) which is placed in a pressure-reduced chamber 
(20) and to be treated, and means (1 7) for supplying to 
a bias voltage to said substance (1) to be treated, 
characterised in that said means (17) for supplying 
said bias voltage includes a power amplifier (26) of 
which the through rate is ICW/ji sec or above or a 
pulse voltage generator (25) of which the through is 
rate is 1 0 4 V7n sec or above. 

17. A surface treatment system comprising means (18, 
19, 20, 21) for supplying a plasma (4) to a substance 

(1) which is placed in a pressure-reduced chamber 20 
(20) and to be treated, and means (1 7) for supplying 
a bias voltage to said substance (1) to be treated, 
characterised in that said means (17) for supplying 
said bias voltage includes a power amplifier (26) of 
which the through rate is IO^V/ji sec or above or a 2s 
pulse generator (25) of which the through rate is 
103V/J1 sec or above. 

18. The system according to any of claims 15 to 17, 
characterised in that an earthed electrode (22) of 30 
which the superf idal area is four times or above as 
large as that of said substance (1) being treated is 
provided within said chamber (20). 

1 9. A dry-etching system comprising means for supply- 3S 
ing a plasma (4) to a substance (1) which is placed 

in a pressure-reduced chamber (20) and to be 
treated, an electrostatic chuck mechanism (23, 24) 
for making said substance (1 ) to stick test to a table 
within said chamber (20). and means (17) for sup- 40 
plying a pulse-wave bias voltage to said substance 
(1) being treated, characterised in that said electro- 
static chuck mechanism (23. 24) includes an insula- 
tor of which the electrostatic capacitance per unit 
area is 3 nF/cm2 or above. 45 

20. The system according to claim 26, characterised in 
that said insulator is formed of a ferroelectric mate- 
rial. 
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